Abstract
Abnormalities in gastrointestinal motor function constitute a possible aetiopathogenic mechanism of symptom production in patients with functional dyspepsia. This hypothesis has been pursued in several studies which used stationary short term perfusion techniques to assess antral and upper intestinal motor activity. [1] [2] [3] Antral hypomotility can be expected in 25-40% of patients and appears to be the most frequent yet non-specific feature of dysmotility. 1 4 Motor patterns suggestive of small intestinal dysmotility with or without associated gastric dysmotility have also been described in patients with dyspepsia, both with conventional stationary 1 3 5 as well as with ambulatory antroduodenal 6 and duodenojejunal manometry. 7 The reported motor abnormalities included absence or reduced incidence of migrating motor complex (MMC) cycles, 3 5 7 aberrant propagation of phase 3 of the MMC, 5 7 longer durations of phase 2, 7 a higher prevalence of burst activity, 1-3 6 7 and an abnormal motor response after a meal. 7 Ambulatory manometric evaluation has been noted to be superior to stationary manometry for evaluating patients with functional dyspepsia 6 because it oVers the possibility of studying motor function-especially interdigestive motor function-for prolonged periods of time and also because it increases the chances of detecting a possible relation between symptoms and motor abnormalities. [8] [9] [10] As the technique involves digitisation of the pressure signals it also makes the tracings accessible to more detailed computer analysis. As has been done by others previously, we have recently developed and validated a computer program that permits significantly faster and more accurate oZine analysis of ambulatory manometric tracings in the human gut. [11] [12] [13] [14] Despite numerous studies, no pattern of gastrointestinal dysmotility specific to functional dyspepsia has emerged. In this study we aimed to combine three factors that theoretically could increase the possibilities of detecting more specific motor abnormalities in patients with motilitylike dyspesia: we deliberately selected patients with severe symptoms; we combined visual with computerised analysis of the tracings to obtain more detailed and accurate data; and we studied both antral and jejunal motor activity simultaneously on an ambulatory basis over a prolonged period of time.
Methods

SUBJECTS
Fourteen patients (11 females and three males; mean age 30 years, range 17-54) with the diagnosis of severe motility-like dyspepsia were included in the study. 15 The control group consisted of 10 healthy, age matched volunteers taking no medication (four females and six males). Patients were selected on the basis of the severity of their symptoms. The inclusion criterion was a history of at least two symptoms from a five symptom complex (upper abdominal pain, vomiting, nausea, early satiety, postprandial bloating or fullness) of at least six months duration and at least moderate severity as defined by a numerical symptom score (0 = absent, 1 = mild (awareness of symptom), 2 = moderate (interference with daily activities), 3 = severe (incapacitating)). None of the patients complained of alterations in bowel habit, flatulence, or lower abdominal pain, and none had undergone previous abdominal surgery other than appendectomy. In all patients organic disease was excluded by clinical and biochemical examination, ultrasound of the upper abdomen, oesophagogastroduodenoscopy, and barium x ray radiography of the small bowel. In 11 patients antral biopsy specimens were taken to test for Helicobacter pylori. Four of the 11 patients tested positive. Gastric emptying for solids was studied in all patients with the 13 C octanoic acid breath test 16 and 10 of 14 patients (71%) appeared to have delayed gastric emptying (mean t 1/2 130 minutes, range 70-276; 90th percentile 101 minutes; mean t 1/2 in healthy volunteers 72 minutes). All medications known to aVect gastrointestinal motility were stopped three days before the manometric study.
RECORDING TECHNIQUE
Recordings of antral and jejunal intraluminal pressures were performed using a 250 cm long silicon catheter (maximal outer diameter 4 mm) with six strain gauge pressure transducers (Königsberg, California, USA). The probe was introduced via the nose and positioned under fluoroscopic control in such a way that the most distal of the three proximal sensors, which were 4 cm apart, was located in the antrum at the level of the pylorus or just distal to it. The other three sensors, which were also 4 cm apart, were located in the proximal jejunum with the first sensor being 30 cm distal to the last sensor of the first group of three sensors. After correct positioning the probe was connected to a portable digital recording device (Digitrapper, Synectics, Sweden). The digitrapper had an internal memory of 4 MB and a sampling frequency of 4 Hz for each of the six recording channels.
STUDY DESIGN
Following an overnight fast of at least 12 hours, the recording probe was introduced as described above and fixed to the subject's nose with adhesive tape. The subjects were asked to eat two meals of equal energy load (3.34 MJ) and chemical composition (40% fat, 45% carbohydrates, 15% protein). One meal was administered at around 12 am, the second meal at around 6 pm. Subjects were not allowed to eat or drink anything but water during the study. They were also asked to refrain from smoking. During the study the volunteers and patients were free to follow their daily routines but had to sleep in the hospital. A diary was provided to record the times of meals, the time when the subjects laid down in bed, and possible episodes of pain or nausea or other type of discomfort. Before and at the end of the study and after every meal the position of the probe was checked by fluoroscopy.
ANALYSIS
At the end of the study the data stored in the digitrapper were transferred to a personal computer for display and computer aided analysis. By visual inspection the pressure sensor most representative of antral motor activity could be identified and labelled on the computer screen. The analysis consisted of the following five steps.
Recognition of individual contractions
On the basis of previous experiments which validated the recognition of individual contractions in the human gut by the computer program, 14 an individual contraction was defined as pressure activity lasting for at least 1.25 seconds at 6 mm Hg and 0.6 seconds at 9 mm Hg above baseline pressure. Propagation of individual phasic pressure waves was calculated at the level of the jejunum: a contraction was considered to be propagated if it was recorded at all three channels of the second group of three sensors, thus propagating over at least 8 cm, within a time window that allowed a minimal velocity of 0.7 cm per second and a maximal velocity of 4 cm per second. 17 18 Identification of the fed period and of the phases of the MMC cycle The fed period comprised the time from the start of the meal until the arrival of the first phase 3 of the MMC, 10 19 irrespective of its site of origin (antrum or jejunum) or until a period of quiescence (less than three contractions per 10 minutes at the jejunal level for a period of at least 10 minutes). 9 The interdigestive period was divided into the classic phase 3, phase 2, and phase 1 motor activity with the aid of the computer algorithm according to well established criteria. 14 19 20 Even though the accuracy of the computer program in recognising small intestinal phase 3s is 96%, 14 visual analysis was used to confirm correct identification of phase 3, phase 1, and phase 2. Antral phase 3s were always marked visually. Phase 3 motor activity was also analysed visually for normal initiation and propagation. A phase 3 was considered to be abnormally initiated if it began simultaneously in all three jejunal channels and to be abnormally propagated if propagation at an individual channel was temporarily interrupted (more than 30 seconds) or if there was retropropagation.
Identification of special motor patterns in the postprandial period and during phase 2 Propagating clustered contractions (PCCs) in the jejunum were detected by visual analysis. PCCs were defined as repetitive (two to seven contractions), phasic pressure activity at slow wave rhythm (10-12 contractions per minute), propagated over at least 8 cm, preceded and followed by a period of quiescence of at least 30 seconds. [21] [22] [23] If PCCs were present at intervals of one to two minutes during at least 20 minutes these episodes were labelled as minute rhythm. Bursts of phasic pressure activity at individual channels were defined as sustained, non-propagating, phasic pressure activity with a contractile incidence of at least nine per minute for more than two minutes, not followed by motor quiescence. 3 
Calculation of individual parameters
The data presented for interdigestive motility are data derived from motor activity at night with only complete jejunal MMC cycles taken into account. The nocturnal period was defined as the moment when the individual went to bed in the evening until he or she got up the next morning. For the fed periods, phase 3 and phase 2 motor activity, the computer calculated the cumulative motility index (MI = ln (area/min + 1)), the number of contractions per min (CPM), the duration of individual contractions in seconds (DUR-C), and the amplitude in mm Hg (AMPL). In addition, for the fed period and for phase 2, the percentage of propagated contractions (%PPC) was computed. The number of phase 3s, the cycle length, the relative contribution of phase 2 and phase 1 during the MMC cycle, the duration of the fed pattern, velocity (VEL) of migration, and duration of phase 3 were also determined by the computer. Antral MIs over time (calculation of the MI in 30 minute periods over the first three hours after the meal) were calculated after the first meal. In 5/14 patients and in 4/10 controls the catheter migrated several centimetres during the night; the occurrence of antral phase 3 motor activity, which can only be identified accurately with at least two sensors in the antrum, could therefore not be assessed reliably in all patients. At the level of the stomach therefore, detailed quantitative analysis was performed only for the postprandial period; for the interdigestive period only the number of antral phase 3s were recorded in those individuals where there was no catheter migration. At the level of the jejunum interdigestive motor activity throughout the MMC cycle and all periods of postprandial motility could be evaluated.
Evaluation of symptom episodes and calculation of dysmotility scores
Symptom episodes were analysed visually for signs of abnormal motor activity over a time window of 10 minutes before and 10 minutes after the patient reported a symptom. To study a possible correlation between symptom scores, the presence or absence of weight loss, gastric half emptying times, and motor activity, a scoring system of dysmotility was devised both for interdigestive motor activity (IMA score) and for the postprandial motor activity (PMA score).
Normality or abnormality of interdigestive motor activity was scored with four parameters: number of jejunal phase 3s (0 points if within 2 SD of the mean of the healthy volunteers, 1 point if outside of mean (2 SD)); configuration of phase 3 (0 points if normal, 1 point if abnormal initiation or aberrant propagation of at least one phase 3); presence of minute rhythm or presence of at least two bursts (0 points if absent, 1 point if present); and relative contribution of phase 2 to the MMC cycle (0 points if within 2 SD of the mean of healthy volunteers, 1 point if outside of mean (2 SD)).
For the PMA score the following four parameters were included: duration of the 
Results expressed as mean (SEM) or *median (interquartile range). 
Figure 1 Fasted manometric recordings of the antrum (upper three channels) and of the jejunum (lower three channels) in two patients
Results
PATIENTS AND MANOMETRIC TECHNIQUE
Nine of the fourteen patients (64%) had symptom scores of 6 or higher out of 15 possible points, six patients (43%) were losing weight, and 10 patients (71%) had severely delayed gastric emptying ( The nocturnal period lasted 8.0 (0.4) hours in the healthy volunteers and 8.5 (0.3) hours in the dyspeptics. Every indiviudal in both groups had at least one complete MMC cycle during this period. In dyspeptics the mean cycle length was 111 (16) minutes, whereas in controls it was 68 (7) minutes (p<0.03). This diVerence was due to an increase in the contribution of phase 2 to the MMC cycle (70.1 (5.4)% in the dyspeptics versus 46.8 (4.3)% in the healthy volunteers, p<0.004). The number of jejunal phase 3s over the whole recording time was significantly lower in dyspeptics than in controls (6.4 (0.9) versus 12.6 (1.5), p<0.001). This diVerence remained significant even when adjusting the number of phase 3s for the duration of the nocturnal period (0.53 (0.08) per hour in dyspeptics versus 0.94 (0.06) per hour in controls, p<0.001). Table 1 summarises the parameters characterising jejunal phase 3. No significant diVerences were noted for the velocity of migration of phase 3 or for the contractile incidence, amplitude, or duration of individual contractions. In 4/14 patients (29%) there was a disturbance of either the initiation or the propagation of jejunal phase 3 motor activity (fig 1) . In the nine dyspeptics and six healthy volunteers in whom it was possible to monitor antral motor activity throughout the whole study period, at least one antral phase 3 was observed in each individual. In the patient group a median of 2 (IQR 1 to 2) antral phase 3s were recorded, while in the control group a median of 3.5 (IQR 3 to 4) antral phase 3s were noted (p=0.04).
INTERDIGESTIVE MOTILITY: PHASE 2
There were no significant diVerences between dyspeptics and controls for the motility indices, contractile incidence, amplitude, duration, or percentage of propagated, individual (table 1) . Even though some patients had a high incidence of PCCs per hour (range in dyspeptics 0-6, in controls 0-0.8), group comparisons did not reveal any significant diVerence between dyspeptics and controls. In 3/14 patients (21%), episodes of minute rhythm were observed. Three patients (21%), not the same as those with minute rhythm, had two or more episodes of jejunal, segmental bursts lasting longer than two minutes. Patterns of minute rhythm or burst episodes were not observed in the healthy individuals.
Figure 2 Antral motility indices (means (2 SD)) determined over 30 minute periods during the first three hours after a 3.34 MJ meal.
POSTPRANDIAL MOTILITY
When comparing the duration of the fed pattern, cumulative motility indices, contractile incidence, amplitude and duration of individual contractions, or the number of PCCs per hour during the postprandial period, no significant diVerences were found between dyspeptic patients and controls either in the antrum or in the jejunum (table 2). As with phase 2, the number of PCCs per hour varied greatly and within both groups of subjects (range in dyspeptics 0-6, in controls 0-3). A comparison of mean antral motility indices for the first three hours of the postprandial period revealed no significant diVerences between the two groups (fig 2) . However, three patients (21%) had periods of postcibal antral hypomotility (values lower than the mean (2 SD) of healthy volunteer values, fig 3) , and one patient had antral hypermotiltiy between 30 and 120 minutes after ingestion of the meal. Two patients had postprandial jejunal hypomotility, and two patients had postcibal jejunal hypermotility (MI lower or higher than the mean (2 SD) of healthy volunteer values). Four patients had a normal motility index, but in all four, episodes of a minute rhythm pattern not characteristic of normal postprandial jejunal motility were observed (fig 4) . Two patients had several episodes of jejunal segmental bursts. In three patients the time period until reappearance of phase 3 was less than the mean (2 SD) in healthy volunteers.
SYMPTOM EPISODES AND MOTOR ACTIVITY
Eight patients (57%) reported a total of 19 episodes of abdominal discomfort or pain, bloating, or epigastric fullness or nausea (mean 2.4 (0.4) episodes per patient, range 0-5). The most frequently reported symptoms were postprandial epigastric pain and fullness. Inspection of the time window before and after the patient recorded the onset of symptoms showed a temporal association with abnormal motor patterns for only four symptom episodes (21%). The abnormal motor patterns observed included an episode of minute rhythm at the start of the meal in one patient, and two episodes of high amplitude, long duration, non-propagating, segmental, jejunal contractions with a frequency of two per minute lasting three minutes during the postprandial period and a burst preceding the onset of epigastric pain by three minutes during phase 2 in another patient. Two patients reported epigastric pain or fullness during normal jejunal phase 3, and one patient reported epigastric cramps during an episode of repeated PCCs.
DYSMOTILITY SCORES Table 3 summarises scores for dysmotility for the individual patients. The sum of the individual scores was slightly higher for the postprandial than for the inderdigestive period (18 versus 15 points). A total of 71% of patients scored at least one point for the interdigestive period and 78% scored at least one point for the postprandial period. Only one patient had no points for both scores. During the postprandial period antral hypomotility or hypermotility and the presence of minute rhythm were the most frequent motor abnormalities observed with a prevalence of 29% for each. During the interdigestive period the most frequent sign of dysmotility was a high contribution of phase 2 to the MMC cycle (more than the mean (2 SD) of healthy volunteers) in 36% of patients followed by an abnormal configuration of phase 3 in 29% of patients. Minute rhythm or bursts were less prevalent than during the postprandial period (each in 20% of patients). Table 4 summarises symptom scores, amount of weight loss, gastric half emptying times, and IMA and PMA scores for individual patients. Correlation analysis between these variables showed a positive correlation only between symptom scores and weight loss (r=0.93, 95% confidence interval 0.78 to 0.98).
Discussion
Motor disturbance is one of several factors that have been implicated as a possible aetiopathogenic mechanism in functional dyspepsia. In spite of numerous studies with stationary antroduodenal or duodenojejunal manometry [1] [2] [3] [4] [5] and two studies with either ambulatory antroduodenal or duodenojejunal manometry, 6 7 it has not been possible to identify a typical manometric pattern of fasting or postprandial motor activity that distinguishes functional dyspepsia from health. However, a direct comparison between stationary and ambulatory gastroduodenal manometry in patients with functional dyspepsia concluded that the ambulatory method is superior to the stationary method for evaluating motor function in patients with this disorder. 6 Furthermore, computer aided analysis of these prolonged recordings has been reported to provide more accurate analysis of the manometric signals. 12 In the present study we combined prolonged, ambulatory antrojejunal manometry with computer aided, detailed manometric analysis in a group of patients with severe motility-like dyspepsia in the hope of obtaining new insights that would reveal quantitative or qualitative diVerences in motility patterns specific to these patients.
Our findings are in agreement with previous studies in many respects. Malagelada and Stanghellini reported a prevalence of 72% of manometric abnormalities in a cohort of 104 patients with functional upper gut symptoms studied with stationary antroduodenojejunal manometry. 1 In our group of patients we also found a high prevalence of antral and jejunal dysmotility both during the interdigestive period (71% of patients) and in the postprandial period (78%). During the interdigestive period there were three quantitative parameters that were significantly diVerent between the patient group and the healthy controls: in dyspeptics the incidence of antral or jejunal phase 3s was reduced and the relative contribution of phase 2 to the MMC cycle was increased. These observations confirm previous findings, 6 7 and the reference values obtained in the healthy volunteers are in accordance with other studies using ambulatory manometry. 24 25 Phase 3 has been interpreted as having a housekeeper function by causing rapid aboral and eVective propagation of intraluminal contents. 19 It is possible that the reduced incidence of antral and jejunal phase 3 in dyspeptics contributes to stasis of intraluminal contents, thereby increasing symptom production. The potential clinical relevance of a relatively longer contribution of phase 2 to the MMC cycle at night is not readily apparent, but might be indicative of continued central nervous system arousal which is associated with phase 2 motor activity during waking hours. The most frequent qualitative abnormalities observed during the interdigestive period were an abnormal configuration of phase 3 (29% of patients) and the presence of minute rhythm or repeated bursts of sustained phasic pressure activity (each in 21% of cases). None of the quantitative or qualitative parameters found to be abnormal during the interdigestive period are specific for dyspepsia and have been described previously both in patients with functional dyspepsia [1] [2] [3] [4] [5] [6] [7] as well as in patients with other disorders. [25] [26] [27] [28] [29] During the postprandial period group comparisons of quantitative parameters, including cumulative antral or jejunal motility indices, the duration of the fed pattern or the number of propagated clustered contractions per hour, did not reveal significant diVerences between the patients and the healthy volunteers. When comparing values for individual patients with the mean (2 SD) of healthy volunteers, 21% had postprandial antral hypomotility and 29% had jejunal postprandial hypermotility or hypomotility. Antral hypomotiltiy has been consistently described in previous studies with stationary manometry and may be expected in 25-40% of patients. 4 Patients with functional dyspepsia studied with ambulatory, antroduodenal manometry were found to have mean antral motility indices which were significantly lower after breakfast but not after dinner, while mean small intestinal motility indices were observed to be higher after dinner yet not after breakfast. 6 In our study, the most frequent qualitative abnormalities observed during the postprandial period were the presence of minute rhythm in 29% of patients and repeated bursts of sustained phasic pressure activity in 14% of cases. Both of these motility patterns have been observed previously 1 3 7 and have been described in conditions as diverse as irri table bowel syndrome,  9 diabetes mellitus,   30 bacterial overgrowth, 27 and partial intestinal obstruction. 21 31 In this study only 4/19 symptom episodes (21%) were found to be temporally related to an abnormal motor pattern. In contrast, Jebbink et al found motility abnormalities such as burst activity or abnormally propagated phase 3 associated with symptom episodes in 52% of patients with functional dyspepsia. 7 The reason for this discrepancy is unclear, but is similar to ambulatory, manometric studies of patients with irritable bowel syndrome; some investigators have reported an association of clustered contractions with abdominal pain in 68% of patients 9 while others have reported it in only 7%. 25 We also established a motility score for both the interdigestive and the postprandial period to correlate dysmotility with clinical symptoms or gastric half emptying times. The underlying rationale for this step was the assumption that if we could find a positive correlation between severe symptom scores, significant weight loss, abnormally delayed gastric half emptying times, and a high dysmotility score, we could narrow down the indication for the procedure and increase the chances of obtaining clinically useful information in selected patients. However, despite the fact that 71% of our patients had clearly delayed gastric emptying and 43% were losing weight, a positive correlation was found only for the symptom score and weight loss. These results suggest that in severe motility-like dyspepsia clinical symptoms or gastric half emptying times are poor predictors of gastrointestinal dysmotility.
Detailed assessment of antrojejunal motor activity, even with the aid of the most recent technological developments in manometric equipment and software algorithms, and selection of a group of patients with severe symptoms, did not allow identification of a specific motor pattern which can uniformly discriminate patients with dyspepsia from those with other diseases or even healthy individuals. This result highlights the unresolved question of the clinical usefulness of this procedure for this indication. While, in our opinion, in selected individual patients this type of manometric study will contribute to clinical decision making and have an impact on treatment, it appears that little clinically valuable information can be gained when performing manometric studies as a routine procedure for patients in whom the diagnosis of functional dyspepsia has already been made. Many gastroenterologists believe that motility disturbances are causally related to dyspepsia. Indeed, there is a high prevalence of dysmotility in dyspeptic patients. However, the absence of a correlation between symptoms and dysmotility and the presence of abnormal motor patterns in only 21% of symptom episodes argues against a causal relationship between symptoms and dysmotility, and suggests that they are a manifestation of a common underlying aetiopathogenic mechanism.
In conclusion, this study confirms that in patients with severe motility-like dyspepsia, abnormal motility is not only confined to the stomach, but is also highly prevalent in the proximal small intestine. The features of dysmotility found in these patients are more prominent in the postprandial than in the interdigestive period yet are not specific to dyspesia. No single or combined parameter characterising fasted or digestive motor activity in the antrum or jejunum is correlated with the severity of symptoms or the gastric half emptying times.
